Abstract: Though schizophrenia (SCZ) is classically defined based on positive symptoms and the negative symptoms of the disease prove to be debilitating for many patients, motor deficits are often present as well. A growing literature highlights the importance of motor systems and networks in the disease, and it may be the case that dysfunction in motor networks relates to the pathophysiology and etiology of SCZ. To test this and build upon recent work in SCZ and in at-risk populations, we investigated cortical and cerebellar motor functional networks at rest in SCZ and controls using publically available data. We analyzed data from 82 patients and 88 controls. We found key group differences in resting-state connectivity patterns that highlight dysfunction in motor circuits and also implicate the thalamus. Furthermore, we demonstrated that in SCZ, these resting-state networks are related to both positive and negative symptom severity. Though the ventral prefrontal cortex and corticostriatal pathways more broadly have been implicated in negative symptom severity, here we extend these findings to include motor-striatal connections, as increased connectivity between the primary motor cortex and basal ganglia was associated with more severe negative symptoms. Together, these findings implicate motor networks in the symptomatology of psychosis, and we speculate that these networks may be contributing to the etiology of the disease. Overt motor deficits in SCZ may signal underlying network dysfunction that contributes to the overall disease state. Hum Brain Mapp 38:4535-4545, 2017.
INTRODUCTION
Schizophrenia (SCZ) is characterized by debilitating symptoms that negatively impact quality of life. In addition to the more classically defined positive and negative symptom domains [Andreasen and Olsen, 1982] , many patients also suffer from motor symptoms and deficits . This includes but is not limited to deficits in postural control [Marvel et al., 2004] , motor learning [Marvel et al., 2007] , hyperkinetic movements, and force control. Together, these deficits further impact quality of life for patients with these disorders. Furthermore, it is notable that motor dysfunction is not simply a side effect of the medications used to treat the hallmark symptoms of psychosis [Walther and Strik, 2012] . When controlling for medication, patients still show deficits in motor behavior relative to controls [Walther and Strik, 2012] , and these deficits are present in adolescents at ultrahigh risk (UHR) for the development of psychosis and siblings of those with SCZ, many of whom are not taking antipsychotic medications Bolbecker et al., 2013; Dean et al., 2013; Mittal et al., 2010a] . It therefore seems to be the case that motor signs and symptoms also present as a defining characteristic of SCZ. Thus, understanding motor networks and systems in individuals with SCZ is of particular interest, and may provide new insights into the networks and brain structures underlying the disease.
More broadly, the cerebello-thalamo-cortical circuit (CTCC) is of great interest in psychosis, and SCZ more specifically. From a theoretical standpoint, it has been proposed that CTCC dysfunction contributes to disorganized thought, as per the cognitive dysmetria framework [Andreasen et al., 1996 [Andreasen et al., , 1998 ]. More recently, we and others have suggested that cerebellar dysfunction more broadly results in internal model deficits that may contribute to the wide ranging signs and symptoms seen in SCZ, including in the motor domain Shergill et al., 2005 Shergill et al., , 2014 . As such, in addition to investigating the primary motor cortex, inclusion of the cerebellum in our investigations of SCZ is especially important. While some subregions may relate to cognitive dysmetria, the motor areas of the cerebellum are linked with the primary motor cortex [Bernard et al., 2012; Kelly and Strick, 2003] , and likely contribute to the motor deficits experienced by patients with SCZ.
SCZ has been described as a disease of dysconnectivity [Friston and Frith, 1995] . An accumulation of evidence supports this in the default mode network (DMN) in particular [Bluhm et al., 2007; Garrity et al., 2007; € Ong€ ur et al., 2010] , though results are somewhat mixed [Whitfield-Gabrieli et al., 2009] . However, other networks have been implicated as well, including those in the cerebellum [Kim et al., 2014; Liu et al., 2011; Repovs et al., 2011] . Interestingly, in recent investigations, resting-state connectivity patterns have been used to predict conversion to psychosis in UHR populations [Anticevic et al., 2015] , and positive symptom progression in UHR individuals [Bernard et al., 2017] . Notably, connectivity with motor cortical regions was associated with measures of disease progression. Anticevic et al. [2015] found this to be the case with thalamo-motor connectivity, while in our own recent work, we saw similar patterns with cerebellar-motor networks [Bernard et al., 2017] . Thus, it may be the case that connectivity with motor cortex and within the motor networks is related to disease progression and the underlying pathology resulting in the signs and symptoms experienced in SCZ. Overt motor behaviors are an additional effect of this broader circuit-related dysfunction, which also relates to symptomatology.
To investigate the notion that motor network dysfunction is related to the disease state in SCZ, we conducted an analysis of resting-state functional connectivity MRI (fcMRI) data in patients with SCZ, and in healthy controls (CON) . These data were available through schizconnect.org, and resulted in a large sample of participants in both groups. We analyzed the available fcMRI data to test several hypotheses related to motor networks in patients with SCZ. First, we were interested in whether motor network dysfunction is present in SCZ, relative to CON. We tested the hypothesis that if motor networks are dysfunctional in patients with SCZ, then fcMRI will be decreased relative to CON. This is supported by research suggesting that motor connectivity is related to conversion to psychosis and positive symptom progression during the risk period [Anticevic et al., 2015; Bernard et al., 2017] , the large literature showing motor deficits in these patients Kent et al., 2012; Marvel et al., 2004 Marvel et al., , 2007 , and fcMRI studies demonstrating decreased connectivity in SCZ [Kim et al., 2014; Liu et al., 2011; Repovs et al., 2011] . Second, the relationship between motor networks and symptom severity in SCZ is unknown. We tested the hypothesis that positive and negative symptom severity is related to connectivity in motor networks. We expected to see correlations between connectivity strength and the symptoms present in SCZ. Prior behavioral work has demonstrated links between motor behavior and symptoms in UHR individuals Dean et al., 2015; Mittal et al., 2010b] , and in patients with schizophrenia [Bolbecker et al., 2009; Forsyth et al., 2012; Kent et al., 2012; Marvel et al., 2004] , supporting this prediction.
METHODS

Participants
The final sample for analysis included a group of 82 patients with a diagnosis of schizoaffective disorder or schizophrenia (SCZ; 38.36 6 13.78 years old, 15 female) and 88 healthy controls (CON; 38.78 6 11.76 years old, 25 female). Patients with a diagnosis of bipolar disorder were excluded from analysis. The groups were well matched in terms of age. All participants were assessed using the Structured Clinical Interview for DSM-IV disorders (SCID) [First et al., 1995] , and the positive and negative syndrome scale (PANSS) [Kay et al., 1989; Kay and Qpjer, 1982] to determine the presence of comorbidities, and to quantify psychotic symptoms. Demographic information, symptom severity, and information regarding alcohol and marijuana usage are presented in Table I . All SCZ participants were taking antipsychotic medications, though there was a great deal of heterogeneity in the medications used to treat these individuals. As such, we calculated chlorpromazine (CPZ) equivalents as described by Woods [2003] and Leucht et al. [2014] to use as a covariate in our analyses.
Data Acquisition
This investigation took advantage of data available as part of the SchizConnect database (http://schizconnect. r Bernard et al. r r 4536 r org). As such, the investigators within SchizConnect provided data but did not participate in analysis or writing of this report. Within the SchizConnect database we used a search query to identify datasets that included patients with schizophrenia or psychotic disorders and healthy controls, and resting-state fcMRI data, high-resolution structural images, and clinical information including symptom severity. This resulted in two available datasets, one from the Functional BIRN (FBIRN) data repository, and the other was the Center of Biomedical Research Excellence (COBRE) data repository. Because the FBIRN data set was small (including only 19 scans) and the data were collected on 1.5 T and 3 T MRI machines at a different site, for analysis purposes, we only included the COBRE dataset.
The COBRE data were collected at the Mind Research Network using a Siemens 3 T MAGNETOM Tim Trio MRI scanner. Specific information regarding the data collection parameters is available in recent work published by the COBRE group [Çetin et al., 2014] . In brief, the resting-state scan was approximately 5 min long (149 volumes, TR 5 2 s), and participants were asked to keep their eyes opened and focused on a fixation cross during the scan. High-resolution (MRPAGE) structural images were also collected.
fcMRI Analysis
All fcMRI analyses were completed using the Conn Toolbox version 16b [Whitfield-Gabrieli and NietoCastanon, 2012] . This included preprocessing procedures that were implemented in Conn using SPM. We followed a standard preprocessing pipeline which included functional realignment and unwarping, functional centering of the image to (0, 0, 0) coordinates, slice-timing correction, structural centering to (0, 0, 0) coordinates, structural segmentation and normalization to MNI space, functional normalization to MNI space, and spatial smoothing with a smoothing kernel of 6 mm FWHM. This procedure also included processing with the Artifact Rejection Toolbox (ART). This was set using the more liberal 99 th percentile settings, and allowed for the quantification or participant motion in the scanner, and the identification of outliers based on the mean signal. With these settings, the global-signal z-value threshold was set at 9, while the subject-motion threshold was set at 2 mm. Motion information and framewise outliers were included as covariates in our subsequent first-level analyses. fcMRI analysis focused on several seed regions of interest. First, given prior work demonstrating that cerebello-cortical connectivity is abnormal in UHR populations and related to symptoms and positive symptom progression [Bernard et al., , 2017 , and their resting connections with primary and premotor and regions [Bernard et al., 2012] , we used right Lobule V and Right Crus I as seeds. These seed regions were defined based on the SUIT atlas [Diedrichsen, 2006; Diedrichsen et al., 2009] . Because primary motor connectivity (M1) is also of interest, we included a seed in M1. This seed was defined based on prior work investigating cerebello-cortical connectivity, and is where there was peak connectivity between cerebellar Lobule V and M1 [Bernard et al., 2012] . This spherical seed was centered at the coordinates 234, 218, 44 with a radius of 7 mm. We created the seed using FSL (v.5.0.7; http://fsl.fmrib.ox.ac. uk/fsl). Finally, given recent interest in the thalamus in SCZ [Anticevic et al., 2015] , and findings from our own work suggesting that connectivity between the cerebellum and thalamus are related to positive symptom progression [Bernard et al., 2017] , we also included a thalamic seed. The thalamic seed region was centered at 218, 218, 16, which was the peak region in the cluster showing a positive association with positive symptom progression in our recent work in UHR individuals [Bernard et al., 2017] . Importantly, this is localized to the posterior region of the thalamus. Though the resolution of the brain imaging data in our prior work was not optimized to resolve individual thalamic nuclei, this is in the approximate location of the ventral posterior nucleus. When we enter these thalamic coordinates into the Oxford probabilistic thalamic connectivity atlas [Behrens et al., 2003] , the probability that this region is connected with the primary motor cortex is 0.3, and that with the somatosensory cortex is 0.29, suggesting that this is an optimal seed region given our interest in motor networks. Because the thalamus is relatively small, we used a radius of 5 mm.
We completed seed-to-voxel analyses using a whole-brain approach. We investigated within-group connectivity patterns of our seeds of interest, and we compared connectivity of the SCZ and CON groups in these regions. Because For all variables, we provide the mean, with the standard deviation in parentheses. Positive and negative symptom severity also includes the range of scores. Education is on a scale from 1 to 8, where 1 indicates "grade 6 or less" and 8 indicates "completed graduate/professional school." Current alcohol and marijuana usage were measured with the SCID, and scored 1, 2, or 3, where 1 was absent, 2 was abuse, and 3 was dependent. Significant group differences or trends with respect to demographic variables are indicated. 1P < 0.1, *P < 0.05, **P < 0.005.
r Motor Networks and Schizophrenia r r 4537 r of the varying age of the participants, we controlled for age in our analyses. In addition, we included covariates related to current alcohol and marijuana use, given the impact of both these substances on cerebellar structure and function [Lopez-Larson et al., 2012; Solowij et al., 2011; Sullivan et al., 2010a,b] , and CPZ equivalent dosages, given the potential impact of antipsychotic medications on brain networks. Finally, we also completed correlation analyses to investigate the relationships between resting-state connectivity and symptom severity in the patient group alone, focusing on positive and negative symptoms. Correlation analyses were conducted directly in the Conn Toolbox using the Fisher transformed connectivity values (z scores). With recent work on the reproducibility of brain imaging results in mind [Eklund et al., 2016] , we used nonparametric statistics with 5,000 permutations, implemented in the Conn Toolbox. Results were then evaluated first with a clusterforming threshold of P < 0.001, and then with a clusterlevel correction of P FDR < 0.05. 
RESULTS
First, we compared the two groups on demographics, symptoms, and alcohol and marijuana usage. The groups were compared using t tests. Details regarding statistical significance are presented in Table I . In brief, the two groups did not differ in age, though the SCZ group had lower education levels than the controls. Parental education was also lower in the SCZ group, but only at trend level (P 5 0.08). Lifetime alcohol and marijuana usage, and current alcohol usage was higher in the SCZ group. Current marijuana usage did not differ between the two groups.
Within-Group Connectivity Patterns
First, we investigated seed-to-voxel whole-brain connectivity within the SCZ and CON groups separately. Consistent with the existing literature, in the CON group Lobule V was correlated with motor cortical regions, while Crus I was correlated with frontal and parietal cortical regions [Bernard et al., 2012 [Bernard et al., , 2016 Krienen and Buckner, 2009] . Also consistent with prior work was the connectivity of the lateral M1. The network included bilateral motor, sensory, and premotor cortical regions, and the anterior cerebellum [Biswal et al., 1997; Langan et al., 2010] . Finally, the thalamus showed one large cluster of connectivity including the bilateral thalamus, caudate, putamen, and parts of the hippocampus. Strikingly, in the SCZ group, there were no areas of significant connectivity for both the thalamus and Lobule V seeds, while the lateral M1 connectivity was limited to a small cluster ipsilateral to the seed itself. Crus I was correlated with other cerebellar regions and the prefrontal cortex, though notably there were no correlations with parietal regions as has been reported in prior work on healthy controls [Bernard et al., 2012 [Bernard et al., , 2016 Krienen and Buckner, 2009] . Generally, this is consistent with work showing decreased functional connectivity in SCZ [Garrity et al., 2007; Liu et al., 2011; € Ong€ ur et al., 2010] . Detailed results are presented in Supporting Information, Tables 1 and 2 .
Group Differences in Cerebellar and Motor Connectivity
In our group comparisons, we looked at patterns of increased and decreased connectivity in the SCZ group relative to the CON group, when controlling for age, alcohol, marijuana, and antipsychotic medications. First, in our investigation of greater connectivity in the CON group relative to SCZ, we found this between Lobule V, the thalamus, and lateral M1. Interestingly, Lobule V was more strongly correlated with prefrontal cortical areas, as opposed to more traditional motor areas, which were expected. The thalamus seed was more strongly correlated with other regions of the thalamus, while lateral M1 showed stronger connectivity within medial motor and premotor cortical regions in the CON group. Table II provides the detailed coordinates and statistical information from this analysis, and the results are visualized in Figure 1 .
When investigating whether any areas show stronger connectivity in the SCZ relative to the CON group, we found several interesting patterns. First, Crus I showed increased connectivity with the parahippocampal gyrus. Interestingly, the thalamus and lateral M1 seeds showed parallel findings. Relative to the CON group, the SCZ group showed greater connectivity between the lateral M1 seed and the thalamus. Similarly, when we investigated the thalamus seed, we saw widespread areas of increased connectivity in M1 and somatosensory cortices, and in the premotor cortex, temporal, and occipital lobes. This pattern suggests hyperconnectivity of the thalamus in SCZ, particularly with motor cortical regions. These findings are visualized in Figure 1 , and detailed coordinates and statistics are in Table II .
Relationships Between Symptom Severity and Connectivity
In the SCZ group alone, we investigated correlations between connectivity strength and positive and negative symptom severity. Unlike our prior work in UHR populations , we did not see any correlations between symptom severity and cerebello-cortical connectivity. However, the thalamus and lateral M1 seeds showed interesting associations with symptoms. Stronger connectivity between the thalamus and visual regions was associated with more severe positive symptoms. The lateral M1 seed was associated with negative symptoms. Stronger connectivity between M1 and regions of the putamen and thalamus was associated with more severe negative symptoms. However, stronger connectivity between M1 and other motor regions (supplementary and premotor) was associated with fewer negative symptoms ( Fig. 2 and Table III) .
DISCUSSION
Increasing evidence suggests that motor deficits are a core feature related to the symptoms and pathophysiology of SCZ [Walther and Strik, 2012] . However, while much support from this idea comes from the behavioral and structural brain imaging literatures, a network investigation is also of particular importance, in light of the dysconnectivity hypothesis of SCZ [Friston and Frith, 1995] . Here, we demonstrated that in SCZ, there are alterations in restingstate motor networks. Our findings suggest an overall decrease in connectivity, though direct contrast analysis also demonstrates some notable patterns of increased connectivity relative to controls as well. Most importantly, our results demonstrate an association between motor network connectivity and negative symptom severity, further suggesting that motor systems may be at the core of the pathophysiology of SCZ. To our knowledge, this is the first investigation of patients with SCZ to directly investigate the resting-state When investigating our networks of interest in each group individually, we found connectivity patterns in the CON group that are highly consistent with the known cerebellar and motor networks in healthy adults [Bernard et al., 2012 [Bernard et al., , 2016 Biswal et al., 1997 Biswal et al., , 2010 Krienen and Buckner, 2009] . Notably however, we saw very limited connectivity in the SCZ group, particularly in networks that are more strongly associated with motor functions (e.g., lateral M1, lobule V), and in Crus I connectivity [Bernard et al., 2012; Krienen and Buckner, 2009] . Together then, this provides general support for the dysconnectivity hypothesis of schizophrenia [Friston and Frith, 1995] . With that said, we may make only limited inference without the between groups comparison.
The between-group comparisons conducted here provide much stronger support for dysconnectivity in SCZ. First, in investigating our four seeds of interest, it is striking that the most prominent motor seeds we investigated, Lobule V and lateral M1, show significantly greater connectivity with other motor areas in controls, relative to the patients. Lobule V shows stronger connectivity in an extended motor network, including premotor regions [Mayka et al., 2006] , while the lateral M1 shows stronger connectivity with the supplementary motor and medial motor areas. This general decrease in cerebellar connectivity, here from Lobule V, is consistent with the limited existing literature investigating cerebellar connectivity in this patient group [Liu et al., 2011] . Together, this indicates that connectivity within these major motor networks, particularly with motor planning areas, is decreased in the SCZ group. We speculate that the decreased motor network connectivity present in SCZ may be contributing, at least in part, to the motor signs and symptoms experienced by these patients. That said, we did not have motor behavioral data from these participants. Future work is required to test this notion more directly.
Notably, there were also patterns of increased connectivity seen in the patients. Broadly speaking, this is consistent with the generally mixed resting state findings seen in patients with schizophrenia, which has primarily been documented in the default mode network [Garrity et al., 2007; € Ong€ ur et al., 2010; Whitfield-Gabrieli et al., 2009; Whitfield-Gabrieli and Ford, 2012] . Both increases and decreases in network connectivity relative to controls have been reported. Crus I showed greater connectivity with the medial temporal lobe, including the parahippocampal gyrus. This is particularly interesting in light of work that suggests that medial temporal lobe regions such as the hippocampus play a critical role in SCZ [Paul and Harrison, 2004] . In addition, while we demonstrated that connectivity within the broader motor networks was higher in the CON group, in the SCZ group, there was increased connectivity between the primary motor cortex and the thalamus. We also saw a reciprocal increase when looking at the lateral M1 seed. This pattern of heightened thalamo-motor connectivity at rest in the SCZ group is certainly not unprecedented Woodward et al., 2012] . However, these findings together are particularly interesting in light of recent work in patients who recently converted to psychosis [Anticevic et al., 2015] . In these individuals, thalamic hyperconnectivity with the motor cortex was associated with conversion. Additional support for the idea that hyperconnectivity in motor networks is related to disease progression comes from our investigation of positive symptom progression in UHR youth [Bernard et al., 2017] . Here, we demonstrated that Bolded rows indicate peak voxels within the given cluster.
r Motor Networks and Schizophrenia r r 4541 r hyperconnectivity between lobule V of the cerebellum and the primary motor cortex at a baseline assessment predicts more severe positive symptoms twelve months later. Together these findings suggest that hyperconnectivity with the motor cortex may be a core element to the etiology of disease in schizophrenia, and perhaps across the psychosis spectrum more broadly. Detecting differences in the resting functional organization of the brain in SCZ provides important insight into potential contributors to the pathophysiology of the disease. However, understanding whether and to what degree these networks relate to the symptoms experienced by these patients is also of great interest and importance. Here, our results suggest that both the thalamus and motor cortex are related to the positive and negative symptoms experienced by the SCZ group. Regarding the thalamus, greater connectivity with the visual cortex was associated with more severe positive symptoms. This is perhaps not surprising given that hallucinations represent a hallmark positive symptom in SCZ. In two separate case studies of patients who experience visual hallucinations, brain activation was noted in the visual cortex [Oertel et al., 2007; Silbersweig et al., 1995] . More recently, Ford et al. [2015] found that hyperconnectivity between the visual cortex and the amygdala was associated with visual hallucinations in SCZ. The hyperconnectivity here is broadly consistent with the literature on the neural substrates of visual hallucinations, but also suggests a potential thalamic contribution.
Interestingly, we also found two diverging associations with respect to the lateral M1 seed and negative symptoms. Increased connectivity within the contralateral motor cortical regions was associated with fewer negative symptoms. Conversely, increased connectivity between lateral M1 and the putamen, globus pallidus, and thalamus was associated with more severe negative symptoms. The neural substrates of negative symptoms typically include the frontal cortex, though corticostriatal circuits have been implicated [Kring and Barch, 2014; Millan et al., 2014; Potkin et al., 2002] . Further, as noted by Walther and Strik [2012] , negative symptoms are related to Parkinsonism, catatonia, and psychomotor slowing seen in SCZ. This is notable given the association between lateral M1 and the basal ganglia regions seen here. Finally, it is of note that other behavioral measures of motor behavior, including postural control and neurological soft signs in high risk populations are related to negative symptom severity Dean et al., 2015; Mittal et al., 2014] . Though not typically implicated in negative symptoms, these results do suggest that motor networks may contribute to their severity. Given the associations between broad motor behaviors and symptom severity previously reported [Walther and Strik, 2012] , it is perhaps not surprising to see the associations reported here. At minimum, this finding suggests that future work looking at cortical motor and striatal motor networks with respect to negative symptom severity warrants further research. However, we speculate that these circuits may contribute at least in part to the pathophysiology and etiology of negative symptomatology in schizophrenia.
Importantly, our focus here was on cerebellar and primary motor circuits. This was motivated by our recent work suggesting that cerbello-thalamo-motor circuits may be associated with positive symptom in UHR individuals [Bernard et al., 2017] , and the extensive literature implicating cerebellar circuits in SCZ more broadly [Andreasen et al., 1996; Andreasen and Pierson, 2008] . With that in mind, motor circuits certainly extend beyond the motor lobules of the cerebellum and the primary motor cortex. Indeed, there is an extensive cortical motor network including pre-and supplementary motor areas, and the basal ganglia also represent a crucial brain region for optimal motor function. Here, our results implicate these regions in that connectivity between M1 and putamen was associated with negative symptom severity, while greater connectivity between Lobule V and the extended motor network, including premotor cortex was seen in CON relative to SCZ individuals. However, these regions have been implicated in psychosis independently of this investigation, and outside of the context of other motor regions. In recent work, Stegmayer et al. [2014] demonstrated that supplementary motor area volume is related to aberrant motor behaviors measured with the Bern Psychiatric Scale. Furthermore, there is a long history of research implicating the basal ganglia in SCZ, including research demonstrating that volume of the basal ganglia is linked to motor symptoms in patients with SCZ [eg., Hirjak et al., 2012 ; for a review, see Hirjak et al., 2014] , and both basal gangliamediated motor symptoms are also linked to transition in UHR populations [Mittal et al., 2010b] . Our findings here further implicate these additional motor regions, but also further underscore the need for future work in patients with SCZ directly investigating the networks of these other critical motor regions. This will provide a more complete picture of motor networks in this important clinical population.
While this investigation provides important new insights regarding resting state motor networks in SCZ, there are several limitations that must be considered. First, while we controlled for antipsychotic medication as well as current alcohol and marijuana usage, it is not possible to completely eliminate their potential impact. Further, this does not account for effects of long-term use or abuse. Second, the patients included in this analysis were chronic, and we did not include disease duration or duration of untreated illness. Both these factors could certainly impact the results presented here, and warrant further consideration in future work. That said, we have a relatively large sample, and though there is heterogeneity with respect to these factors, this allows for broader generalizability across populations of patients with SCZ, and perhaps psychosis more broadly. Relatedly, the averages of total positive and r Bernard et al. r r 4542 r negative symptoms are somewhat low, though scores in both domains ranged from 7 to 29. This is likely due, at least in part, to the chronic nature of this sample, and the fact that all patients are taking antipsychotic medications. Though there is a relatively large range in symptom severity in the sample, this may have impacted our correlation analyses investigating brain networks and symptom severity. Finally, with respect to our thalamic connectivity analysis, it is important to note that the thalamus is a very small structure. Here, we used a 5 mm radius to account for this and minimize the inclusion of signal from surrounding nuclei, and aimed to optimize our localization as much as possible with respect to thalamic regions that project to motor and somatosensory cortex. However, we cannot completely eliminate the possibility that we are also including signal from adjacent nuclei, with connections to other cortical regions.
Using publically available data, we have demonstrated that in patients with schizophrenia, there are alterations in motor networks, both those of the primary motor cortex, and also the cerebellum. Notably, the thalamus seems to be an important node, particularly with respect to the primary motor cortex. Furthermore, we demonstrated that connectivity within motor regions was related to negative symptom severity, suggesting that motor systems may play a role in the etiology and symptomatology of the disease. This work builds off of prior resting state findings in psychosis risk populations [Anticevic et al., 2015] , and investigations of motor behaviors in both at-risk and schizophrenia populations Dean et al., 2013; Kent et al., 2012; Marvel et al., 2007; Mittal et al., 2010b] . As our understanding and appreciation for the motor signs and symptoms seen in SCZ increases, so does our need for better understanding of the underlying brain networks. The presence of motor network deficits, when controlling for medication, and their implications in symptom severity further suggest that motor systems may represent an important area of study, and target of intervention in schizophrenia, and psychosis more broadly.
